Phthalates are used as plasticizers in polyvinyl chloride (PVC) materials and it is known that phthalates may migrate into the surrounding environment and then become a source for human uptake. The aim of the study was to investigate whether residential PVC flooring was related to the urinary levels of phthalate metabolites determined in pregnant women. The data were from the Swedish SELMA study Multiple regression modeling by least square geometric mean and weighted quantile sum regression was applied to log-transformed and creatinine-adjusted phthalate metabolite concentrations adjusted for potential confounders from questionnaire data. This study has found significantly higher urinary levels of the BBzP metabolite (MBzP) in pregnant women living in homes with PVC flooring as compared to homes with other flooring materials.
| INTRODUC TI ON
Phthalates are a family of semi-volatile synthetic chemicals used in a number of different products and articles. Some phthalates are mainly used as plasticizers and therefore added to, for example, polyvinyl chloride (PVC) plastics to increase the flexibility, transparency, durability, and longevity.
1 Soft PVC containing phthalates is used in, for example, car products, medical supplies, household articles such plastic food containers, plastic wraps, shower curtains, furniture, and also in flooring materials and adhesives. [2] [3] [4] Phthalates have also been used in a variety of personal care products such as body wash, shampoo, and nail polish. [5] [6] [7] Phthalates do not form chemical bonds when added into PVC in different articles and products, and may therefore migrate from the material into the surrounding environment. Studies have reported that phthalates such as di-butyl phthalate (DBP), butyl-benzyl phthalate (BBzP), di-ethyl-hexyl phthalate (DEHP), di-2-propylheptyl phthalate (DPHP), and di-iso-nonyl phthalate (DiNP) can be identified in the emissions from PVC flooring materials. 3, [8] [9] [10] Afshari et al 9 reported from a test chamber study that PVC flooring materials were a source for air concentrations of DEHP and di-n-butyl phthalate when compared with other flooring materials. 13, 14 Numerous studies have shown that phthalate metabolites are routinely and globally detected in human urine and serum [15] [16] [17] at all ages as well as in breastmilk 18, 19 and more recently also in amniotic fluid. 20 Thus, the general population is exposed to phthalates and their metabolites. Recent epidemiological evidence has also described associations between exposure to several phthalates and human health risks, including neurodevelopmental outcomes and behavior, [21] [22] [23] reproductive health and sexual development, [24] [25] [26] [27] and asthma and allergy. 28, 29 Polyvinyl chloride flooring is common in Swedish homes. 
| ME THODS
Swedish Environmental Longitudinal, Mother and child, Asthma and allergy is a pregnancy cohort study following mother-child pairs from early pregnancy over birth and up in school age of the children.
Beginning September 2007 until March 2010 women who could read Swedish and were not planning to move out of the county were invited during their first antenatal care visit. Initially, 8394 pregnant women were identified in the county of Värmland, of which 6658
were eligible and finally 2582 agreed to participate, corresponding to a participation rate of 39%. 33 The women were enrolled at median week 10 of pregnancy, (range week 3-27, where 96% were recruited before week 13 of pregnancy).
Self-administered questionnaires were administrated at enrollment including questions about family characteristics such as
Practical Implications
• PVC flooring in the kitchen and the parents' bedrooms was associated with higher level of the BBzP metabolite MBzP in a woman's first trimester urine.
• Since BBzP is a regulated phthalate, our findings may bring the awareness of the usage of consumer products including BBzP. and mono-isobutyl phthalate (MiBP). In the results, the terms DBP for the parent compound and MBP for the metabolite were used.
TA B L E

| Analyses of cotinine in serum
Serum samples were collected at enrollment and analyzed for cotinine as a biomarker for exposure to tobacco/nicotine. A detailed description of the method was presented in Lindh et al 37 Briefly, aliquots of 100 μL serum were added with labeled internal standard, proteins were precipitated by acetonitrile and analyzed using LC/ MS/MS. Pregnant women were categorized as non-smokers if their cotinine levels were below 0.2 ng/mL; as active smokers if cotinine levels were greater than 15 ng/mL; and in between, subjects were considered as passive smokers. In order to solve the problem with correlated factors, we used weighted quantile sum (WQS) regression. 40 In short, WQS regression is a strategy for estimating empirical weights for a weighted sum of 14 metabolite concentrations most associated with the outcome, which is PVC flooring in the home in this case. The results are a beta coefficient associated with the weighted sum (beta estimate, SE and P-value) and the empirical weights (which are constrained to sum to 1). The components most associated with PVC flooring have non-negligible weights, for example, greater than an a priori threshold value. The threshold values were set in relation to the number of compounds in the models, for example, from a set of n components with weights that exceed 1/n to be of interest. In our case, with 14 metabolites the threshold value was estimated to be 1/14 = 0.07 (7%), where
we have considered components with a weight above 7%.
We finally conducted correlation analyses to identify cofactors that were associated with each of the metabolite concentrations and/or PVC flooring (Pearson correlation) in order to determine potential confounders, to be used in the biostatistical modeling. These analyses identified the following potential confounders that were used in all adjusted analyses; the mother's age and education, and smoking status (measured as cotinine levels in serum).
All statistical analyses were conducted in SAS version 9.3 of the SAS System for Windows (SAS Institute Inc., Cary, NC, USA). A P -value <0.05 was considered significant in all analyses.
This study was approved by the Regional Ethical Review Board in Uppsala, Sweden. Individual informed consent was obtained before each subject began participation in the study.
| RE SULTS
In this study, 1674 pregnant SELMA women were included, for which we had data on residential PVC flooring (kitchen and parents' bedrooms), urinary levels of phthalate metabolites in the women, serum cotinine levels, and other co-factors deemed as potential confounders. The mean age of the pregnant women was 31 years with standard deviation of 4.8 years. Subjects were well-educated where around 60% of them had at least university education, and 87% reported to not smoke (Table 1) . When comparing the characteristics (as presented in Table 1 ) of the study population of 1674 pregnant women in the present report and the entire population in the SELMA study (N = 1928), there were no evidence for selection bias (data not shown).
As for the use of PVC flooring in their home, 42% of these subjects had PVC flooring in at least one of either the kitchen or parents' bedrooms at home, 22.5% had PVC in both the parents' bedrooms and kitchen, and 25.3% had PVC flooring in parents' bedrooms. The use of different flooring materials in the home (in the kitchen and the parents' bedrooms) is described in Table 1 . It should be mentioned that PVC flooring in the bathroom or other rooms have not been taken into account in the study.
| Phthalate metabolite levels in prenatal urine
The distributions of urinary concentrations for the thirteen metabolites from 7 phthalates and the phthalate alternative di-iso-nonyl-cyclohexane-di-carboxylate (DINCH) metabolite monooxo-iso-nonyl cyclohexanecarboxylic acid (MOiNCH) analyzed in 1674 SELMA subjects are summarized in 
| Traditional regression modeling
In the adjusted analyses, the least square geometric mean urinary levels of metabolites from three phthalates DBP (MBP, P < 0.0001), BBzP (mono-benzyl phthalate, MBzP, P < 0.0001), DEHP (MECPP, P = 0.05) were found to be significantly higher for women living in homes with PVC flooring in the bedroom or the kitchen when compared with women living in homes without PVC flooring (Table 3 ).
Data further showed that an increased number of rooms with PVC flooring in home significantly increased the urinary LSGM levels of the same compounds, indicating a exposure-response relationship (Table 3 
| The problem with collinearity
In order to examine possible collinearity, we analyzed the correlation between urinary creatinine-adjusted levels for different metabolites. All metabolites correlated significantly even if the correlation coefficient was low in some cases (Table 4) . MBzP was significantly associated with metabolites from DEHP (coefficient ranged: 0.08-0.13, P < 0.01) and from MBP (coefficient: 0.33, P < 0.001). All these urinary phthalate metabolite concentrations correlated significantly, indicating that when a subject was highly exposed to one phthalate she was also highly exposed to other phthalates. This is due to that different phthalates may share sources. This finding raised the question about collinearity. In order to consider such correlations, we used WQS regression for examining the association between the use of residential PVC flooring and phthalate metabolite levels in the women's urine. 
| Weighted quantile sum regression approach
The WQS regression, adjusted for the same potential confounders as used in the LSGM regression model, provided a model with significant association between the mixture of the 14 metabolites analyzed and PVC flooring (P < 0.0001) as described in Table 5 . The residential PVC flooring was related to MBzP and mono-carboxy-iso-nonyl phthalate (MCiNP) which contributed to more than 80% and 7%, respectively, in the WQS model, whereas the other 12 metabolites together contributed to approximately 13% in total. However, the contributions from DEHP and DBP metabolites-which were found to be associated with PVC flooring in the traditional compoundby-compound regression model-disappeared and were found the weights to be less than 5% in the WQS analyses.
| D ISCUSS I ON
The most robust finding in the current cross-sectional study is that the use of PVC flooring in the kitchen and the parents' bedrooms was associated with higher level of the BBzP metabolite MBzP in a woman's first trimester urine when adjusted for potential confounders and compared with other flooring materials. When we used a traditional compound-by-compound approach and estimated the urinary metabolite levels by LSGM regression, we found that PVC flooring was related to human urine levels of the BBzP metabolite, and to a lesser degree to the levels of DBP and DEHP metabolites.
When we used a mixture approach by the use of WQS regression, we found that urinary levels of MBzP were strongly associated with PVC flooring while the association with DBP and DEHP metabolites disappeared.
One advantage with this study is that we have examined the association between urinary levels of phthalate metabolites and the existence of residential PVC flooring by the use of both a traditional compound-by-compound approach and a more recently introduced mixture (WQS) regression method that can handle the problem with collinearity. Both these statistical methods show that PVC flooring might be a strong source for human uptake of BBzP. A number of other studies support this major finding. 42, 43 Carlstedt et al 43 found
that urinary levels of MBzP in 83 infants at 2-6 months of age were significantly (P < 0.007) higher among infants with PVC flooring in their bedrooms when compared to other flooring materials, but no significant associations were found for DEHP metabolites in that study. A cohort study of 239 children (5 years of age) in New York City reported that children from homes with PVC or linoleum flooring had significantly higher urinary MBzP concentration than other children. 42 We further found that PVC explained about 11% of the variance in urinary levels flooring materials. One reason for this rather Tests of differences were made with LSGM and expressed with a P-value for trend as well as with comparisons with the reference group (*P < 0.05, **P < 0.01, ***P < 0.001). 46 This means that selfreported PVC flooring material may be related to misclassification.
TA B L E 3 (Continued)
We therefore suggest that PVC flooring may explain more than 11%
of the urinary levels of BBzP metabolites.
As mentioned above, we here report that PVC flooring was related to higher urinary levels of DBP and DEHP metabolites in the compound-by-compound analyses while these findings disappeared when we applied the WQS models. This could be due to these compounds (BBzP, DBP, and DEHP) sharing the same source, which was also indicated by the collinearity analysis between these metabolites (Table 4) compared with many other countries. 30, 31 Our finding that PVC flooring may be a source for uptake of BBzP metabolites in pregnant women raise concerns. BBzP is currently being classified as reproduction toxic category 1B (eg, substances presumed to have carcinogenic potential for humans). Since 2015,
BBzP is banned from any application within the EU without permission. 51 However, since a PVC flooring material often has a life cycle of usage longer than 30 years, exposure from PVC flooring which were manufactured from before restrictions and replacement by other chemicals will continue.
| CON CLUS ION
This study has found significantly higher urinary levels of the BBzP 
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R E FE R E N C E S
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The models adjusted for mother's age, mother smoking status, education, and creatinine.
